The bonding in the [Ag13{3-Fe(CO)4}8] 3-/5-clusters, which exhibit an Ag13 centered cuboctahedral core, has been analyzed and rationalized by DFT calculations. 
Introduction
Within the family of Group 11 metal nanoclusters, the 13-atom centered icosahedral arrangement ( Figure 1 ) is well documented for gold 1 and has been also reported for silver.
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This M13 structure constitutes the kernel of stable mixed-valent closed-shell molecules named superatoms, in which this kernel is protected by an outer shell made of coordinated ligands and, in the case of chalcogenolato ligands, of peripheral M I cations. The stability of superatoms is associated with "magic" electron numbers. These "magic" electron counts (2, 8, 18, 20, 34…) , which are providing closed-shell configurations to [Mn] x+ cluster kernels, have been rationalized within a spherical jellium-type model leading to one-electron cluster orbitals somehow resembling the atomic orbitals and ordering as 1S < 1P < 1D < 2S < 1F… 1c The known gold and silver superatoms with centered icosahedral kernels correspond to 8-electron
[M13] 5+ species (1S 2 1P 6 jellium configuration). 1,2 The M valence nd electrons are supposed not to be involved significantly in the bonding and the 8 electrons can be considered as provided by the (n + 1)s atomic orbitals (AOs). It is noteworthy that a simple Hückel-type calculation on a centered icosahedron considering 13 s-type AOs leads to the formation of four bonding MO's of a1g and t1u irreducible representations (in Ih symmetry) which can be identified to the spherical jellium 1S and 1P orbitals, the Hückel hg antibonding LUMOs corresponding to the next 1D jellium level. Thus, such a structure appears perfectly suited for an 8-electron closed-shell configuration, and cannot afford for larger electron numbers An alternative pseudo-spherical arrangement for a 13-atom unit is the centered cuboctahedron ( Figure 1 ), which is slightly less compact than the centered icosahedron. (n = 3, 4, 5) series, of which the tri-and tetra-anionic forms have been structurally characterized by X-ray crystallography. 6 In these compounds, The 8 triangular faces of the silver cuboctahedron are capped by a trigonal pyramidal Fe(CO)4 moiety ( Figure   2 R e v i s e d m a n u s c r i p t
Computational details
Geometry optimizations at the density functional theory (DFT) level were performed with the Gaussian 09 package. 12 The BP86 functional 13 was used together with the general triple- polarized Def2-TZVP basis set from EMSL basis set exchange library, with an all-electron basis set on silver.
14 Analytical calculations of the vibrational frequencies were performed on all the optimized geometries to verify that these structures are local minima on the potential energy surface. Wiberg indices and natural orbital populations were computed with the NBO 5.0 program, 15 but because of computational limits, the Wiberg indices were calculated on the BP86/Def2-TZVP-optimized geometries using the more contracted LANL2DZ basis set, 15 augmented with Ahlrichs polarization functions on all atoms. have been also carried out with the two clusters embedded in a cube of point charges of value +0.5 u.a. This procedure, which allows preserving the cluster Oh symmetry reduces the isolated trianion charge to +1 and that of the penta-anion to -1. The point charges were placed on the C3 axes at a distance of 3 Å from the carbonyl oxygens. Despite of a significant effect on the Kohn-Sham MO energies, the computed UV-vis absorption spectra simulated from these calculations are about the same as those computed for the free anions. The corresponding simulated UV-vis spectra are given as supplementary information (Table S1 ).
The compositions of the molecular orbitals were calculated using the AOMix program. core, due to its very large positive charge. Results based on single point calculations on both structures were found unreliable due to their extreme sensibility with respect to the Ag-Ag distances.
The empty [Ag12{3-S}8] 4-cuboctahedral model. To the best of our knowledge, this cluster has not been characterized, but it can be considered as the silver analogue of the well-known
The major metric data of its optimized geometry are provided in Table 1, together with some computed electronic data. The calculated results are fully consistent with the qualitative description of a localized 2-electron/2-center bonding mode (see introduction), with linearly coordinated Ag I 14-electron centers (see the almost d 10 silver NAO configuration in Table 1 ). The 2 x 12 metal-ligand bonding electron pairs are provided by the 8 sulfide ligands which are therefore regular sp 3 -hybridized 8-electrons main-group centers.
The stability of the whole assembly is secured by a large HOMO-LUMO gap of 2.85 eV, separating the eu HOMO, a sulfur lone pair combination, from the a1g LUMO which is largely silver localized (64%, of which 47% of 5s/5p contribution). Finally, the question of a possible delocalization associated with some Ag…Ag bonding may be raised. The corresponding bond distance (3.26 Å) (Table 2) The orbital interaction energy is decomposed into its irreducible representation components in Table 2 and a simplified frontier MO interaction diagram taken out of this fragment analysis is sketched in Figure 3 . The corresponding computed Kohn-Sham MO diagram is shown in Figure 4 . The major contributions to the orbital interaction energy come from its a1g and t1u components ( Table 2) R e v i s e d m a n u s c r i p t energy. Indeed, the occupation of this fragment orbital varies from 0.01 in the tri-anion to 1.37 in the penta-anion, whereas in the same time that of the Ag(center) 5s AO varies from 0.63 to 1.02. This a1g 3-orbital system allows maintaining the corresponding orbital interaction energy almost constant whether it is occupied by two or four electrons (see Table   2 ). On the same time, the other symmetry components are little affected by the reduction of the trianion. Thus, from the nature of its HOMO and neglecting its partial localization on the Fe(CO)4 groups, [Ag13{3-Fe(CO)4}8] 5-can be described as a 2-electron superatom, the 1S occupied orbital of which being the result of a bonding combination between the 5s AO of Ag(center) and the radial 5p AOs of the Ag(outer) atoms (1a1g in Figure 4 ). On the other hand, the vacant 2t1u level can be identified as the next 1P jellium shell. Finally, one should mention that, applying the electron counting scheme for related icosahedral clusters Tables 1 and 2 . Interestingly, both electrostatic and orbital components of the bonding energy between Na + and its host cage are weaker than that of its Ag + homologue. On the other hand the Pauli component is less repulsive so that the total bonding energy is still significant (-9.30 eV, vs. -11.86 Optical properties of the [Ag13{3-Fe(CO)4}8] 3-/5-species. As mentioned above, when going from the tri-to the penta-anion, one occupies an orbital situated in the middle of a significant energy gap. This is expected to induce some differences in the UV-vis absorption between both species. Their simulated spectra obtained from TDDFT calculations (see Computational details) are shown in Figure 5 . In the case of the tri-anion, the strong band at ~ 410 nm corresponds to an iron to silver charge transfer and is associated with a combination of two major transitions. One of them involves a low-lying t1u level and the 1a1g LUMO. The other one is the 2t2g → 2t1u transition (see Figure 4 ). This band is also present in the simulated penta-anion spectrum, slightly shifted to lower energy (~ 420 nm) and is now mainly of 2t2g → 2t1u character. Interestingly, a new band appears in the penta-anion spectrum at 934 nm. It is due to the 1a1g (HOMO) → 2t1u (LUMO) transition and has no significant electron-transfer character. 
Synopsis
Depending on its ligand and/or additional metal coverage, the Ag13 centered cuboctahedron can reach closed-shell stability for 0, 2 or 8 silver electrons. This architecture is particularly favored when octa-capped by main-group or organometallic ligand and housing 0 or 2 electrons (with expected luminescence properties), whereas it is unlikely for 8 electrons.
Calculations predict stability for related halogenide-centered species.
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